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A novd projection display, basal cm a ncw phenomcncm  ofvoltagc-inducecl  color-selective
abso@  ion with surface plasmons,  am able to gcncrat  c bright ima~c on a lal-gc  screen with high
cilicicncy.  in adclition,  neither cc)lol- filters nor phosphors arc ncdcd to gcncrale the co]c)r. With
the incident beam of+ 7“ half cc)nc angle, the color purity of this clcwicc  can be as gocd as the 0<”1
displays, and the contrast ratio can reach over 200:1. System analysis shows that, for a color
scqucmtial  single panel 1.8” surface plasmon projcctcw, the luminous efllciency  can reach 3
1 .unmns/Wat  t.

1. II]t]oduc!ion

‘J’hc market ofprojcction  display has been growing rapidly in rcccnt years. I’hcmgll  the CR’]’
prc)jectors still leading the way, many flat panel pl-c)jcdor  models have been intmclucecl.
\Vhilc  the briqhtncss  and c~lcicncy  arc still  big concerns, many flat pane]  projectors sufk with
low manufac;urc  yields and complex structures, which kmp the prices high

1 lcre 1 introduce the surface plasmon (S1’) projection displays, which arc basccl on a ncw
plumomcnon  ofvoltagc-inclucccl  co lo r -se l ec t i ve  absorpt ion  w i th  sur face  plasmons], is able tc)

achicm hi~h brightness and high eflfickncy. in addition, this device  can gcnwatc  lhc colors
witl)out color filters. “J’hc  optical system is much simpler than the current pl-ejectors, which can
rcducc the siz4c and nlanufacturinp,  cost.

It is well know that, for prism coupling, S1’ waves can be ~cncratecl at a nletal/cliclcclric
intcrfi~cc,  At this S1) resonance, the reflected light vanishes -- attenuated total reflection (A’1’R)~
‘]’his resonance clcpds on the didcctric  constants of both the metal ancl the cliclcctric.  \W~cn a
~,~]tagc  is ~lsc(] to c}]ange  ~]le (]ic]~~tric  constant ofth~  ~~ic]ec~ric,  t]]~ rcflcclcc]  ]ight can \>e
nmdulatd3-S.  IIccause ofthci]  big bircfringcncc,  liquid crystals are among the best materials for
surface plasmon light modulator, A contrast ratio OVCI 100 and spectral resoluticm better than 10
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lindmm  had been rcpor[cd  for SP light  modulator using laser bcan~6’7.

Ii’ a white lip,ht  is used instead of the laser beam, then only these  photons in S1’ monancx
rans,c will be absorbed, and for those photons out of the monancc  will be totally rcflcc.ted, which
means Ihc ]cflcctccl  light  becomes colored. This is so called  S1’ voltage-induced color-selective
absorption. If a voltage  is used to change the index of the liquid crystal, then the S1) resonance
\N/i]l  ~,]lal)gc, al)(] t}lc,  rcflcctcd ]ig})t will s]~ow t}]c c}]a]):;~  of t]]c co~l~l)lcl~~e~~tal”)~  C, O]OI. ] )CpC.II(!S

on the metal film used, the S1’ resonance could cover just 1/3 of the visib]c spectrum, which can
be used for a tunable field sequential color filter, or cover all of the visible spectrum, which can bc
USN!  as a light modulators.

3. S1’ lunable  cc~lor  filter

‘1’hc structure of S1’ tunable cc)lor
filtm is shown in l~i~. 1. “J”his tunable
CO1OI filter can rcplacc.  the color wheel
uscxi in c~thcr  plojcction  devices. ‘J’hc
incidcmt  p-polariz,ed white light is
reflect cd IhT-cc times by llnit  - 1, lJnit-2
and Unit-3 to provide the sequential
primary colors. initially, when the
app]iccl volta~,cs  arc z,cro, Unit-1 is set at
S1’  I csonancc  of reel, lJni[-2  is set at S1’

I csonanm of green, and lJnit-3  is set at
the S1’ rmmancc  of blue.  All ofthc
visib]c lights al-c abso]bcd,  and there is
no outgoing light,  lf’a voltage is adclccl
on llnit-1,  them tk rc(i colc)r is ofl’ S1’
] csonancm., the final outgoins light is ]-cd.
If a voltage is acldcd cm lJnit-2  instead,
then the g]-ccn color is ofl S1’ resonance,
the final outgoing light is green. Same if
a voltage. is added on lJnit-3 instcacl,
the.]) Ihc blue color is off S1’ resonance,
the final c)utgoing light  is blue. By
turning Ihc. volta~c  on these three units
on and ON sequentially, we can generate
the sequential primary ccjlors.

d
COIOI- sccpfxltial  lipl)t

l;ig 1. Surface plmnmI tmablc color  flltcr. “1’llc  scquclllial
p~-il Ikaly colors arc gcncratcd  by colm subsLI  action.

A thmrctical  calculation of three absorption curves at each interface are shown in ](ig. 2.
1 IcI c the metal films arc multiple layer films to provide optimum spectrum range.  At a given time,
only one absorption curve is being pushed off SP resonance, and the outgoing light show the
co]; cxponding  color. Theoretical calculaticm  indicates that for an incident beam divergence of=+ 7°
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ha]f mmc ang]c the excellent colors  can bc generated. “1’hc  color purities of the primary colors arc
shown in IFig. 3. as the heavy solid line, wc can scc the color purity is better than 27” CR’]’ display
(the li$,ht line.).
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4. S1’ sequential color projection ciisplay

A sequential color S1’ projection display
slmuld bc the first approach. Such a dtwicc can
~cncratc  bright image with simple structure. It is
formed by adding a many-pixel unit to the tunable
c,(dor filter cliscusscct  above. ‘1’his many pixel unit
uscxl Rh-Al film, and it has S1’ rcscmancc wide
enough 10 cover all ofthc visible spectrum, IJig. 5
shows t hc structure of su ch a device. ‘I”he light
fl-om Ihc lamp is collected by the mflcctor and then
passes Ihc front relay and the integrator to bccomcs
uniformly distributed collimated beam. Aflcr
passing the polarizer, the p-component ofthc light
bcaln is inciclcnt  on the S1’ c~cvicc,  and being
rcflcctcd four times inside the glass prism. ~’he first
thmc reflections fhnction  as a tunable color filter to
p] ovidc the sequential primal-y colors (red, green
and blue), and upon the last reflection, the many
pixel unit crcatcs the image. “1’his image is then
projcctcd  on a semen by the projcc.tion  lens. To
adctrcss  the systcm,  a semiconductor chip can be
used as lhc substralc  for this many pixel unit. Such
a p] oJcctor  can ~cncratc  very bright image since

these uni(s arc working at the reflection mode, the
anc)(hcr heat absorber can bc attached to the silicon
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substrate silicon is goocl heat conductor, and
to extract the heat.

IIy using the new Philips 100-w lamp with polarization  conversion, its l~]minous efi~cicncy
can reach 31 mn~cns/Wat  t, which is better than many of the three panel 1.01 light valve
projectors. And the simple Stl’llCIUIC  and compact si?c are lhc other important merits. Notice this
dcvicc  is a scqumtial COICM pl-ojcc,t or, which 2/3 of Iig$t is lost. ‘1’hc cfllcicncy  and brightness will
bc t rip]ccl  if al] of the co]ors arc used, as wc will  discuss in the fLltUIC.
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